To assess the importance of the obesity epidemic on cardiovascular disease (CVD) risk, we determined the prevalence of obesity and the relationship of obesity to CVD risk factors and subclinical vascular disease.
T HE UNITED STATES AND many other countries are experiencing an epidemic of obesity. From 1960 to 2000, the percentage of the US population categorized as obese increased from 11% to 28% in men and 16% to 34% in women, with higher rates observed in certain racial and ethnic groups. 1, 2 A number of studies have documented the association between obesity and cardiovascular disease (CVD) risk factors, [3] [4] [5] and some, but not all, with markers of subclinical CVD. [6] [7] [8] [9] The obesity epidemic has the potential to reduce further gains in the US life expectancy, 10 largely through an effect on CVD mortality. 11 The Multi-Ethnic Study of Atherosclerosis (MESA) provides an excellent opportunity to evaluate the prevalence and associations with CVD risk factors of obesity and overweight status in a diverse cohort of middle-aged and older adults. Compared with earlier studies conducted in the 1980s and early 1990s, the initial MESA examination began in 2000, coincident with a more recent stage in the obesity epidemic, in a cohort with a multiethnic composition and a greater depth of characterization of CVD risk factors and subclinical CVD. Therefore, this investigation is evaluating the CVD effects of an even greater prevalence of obesity than studies performed only 5 years earlier. As the prevalence of obesity and overweight in the United States further increases, the CVD consequences may also be concurrently increasing. We analyzed data from the MESA baseline examination to (1) document the prevalence of obesity and overweight in middle-aged and older adults by age, race/ ethnicity, and sex; (2) assess the associations of obesity with traditional CVD risk factors (eg, blood pressure, lipids and li-poproteins, and diabetes); and (3) evaluate the relationship between obesity and subclinical vascular markers (eg, carotid artery intimal medial thickness [IMT] , left ventricular [LV] mass, and coronary artery calcium [CAC] score). These analyses may advance our understanding of the subclinical vascular burden imposed by the ongoing obesity epidemic in an ethnically diverse crosssection of US adults. Furthermore, our goal is to investigate the historical perspective that asserts that the association between CVD and obesity is mediated virtually completely by traditional CVD risk factors.
METHODS
The MESA was initiated to investigate the prevalence, correlates, and progression of subclinical CVD. Details about the study design have been published elsewhere. 12 In brief, between July 2000 and August 2002, 6814 men and women aged 45 to 84 years old who identified themselves as white, African American, Hispanic, or Chinese American and who were free of clinically apparent CVD were recruited from 6 US communities. Each field site recruited the study participants from locally available sources (lists of residents, dwellings, and telephone exchanges). In the last few months of the recruitment period, supplemental sources (lists of Medicare beneficiaries from the Centers for Medicare and Medicaid Services and referrals by participants) were also used to ensure adequate numbers of minorities and elderly subjects. The institutional review boards at all participating centers approved the study, and all participants gave informed consent.
Standardized questionnaires were used to obtain information about level of education, income, smoking history, and medication use. Height and weight were measured with participants wearing light clothing and no shoes. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Body size was classified into 3 categories of BMI (Ͻ25.0 [normal], 25.0-29. 9 [overweight], and Ն30.0 [obese]). Seated resting blood pressure was measured 3 times with an automated oscillometric sphygmomanometer (Dinamap PRO-100; Critikon, Milwaukee, Wisconsin). The average of the last 2 measurements was used in these analyses. Hypertension was defined as a blood pressure reading greater than or equal to 140/90 mm Hg or current antihypertensive medication use. The levels of lipids, lipoproteins, and glucose were measured from blood samples obtained after a 12-hour fast. Low-density lipoprotein (LDL) cholesterol levels were calculated using the Friedewald equation, and LDL particle size was measured using proton nuclear magnetic resonance spectroscopy (LipoScience Inc, Raleigh, North Carolina). 13, 14 Diabetes status was classified using the American Diabetes Association criteria as normal (fasting glucose, Ͻ100 mg/dL [to convert to millimoles per liter, multiply by 0.0555]), impaired (fasting glucose, 100-125 mg/dL), or diabetic (fasting glucose, Ն126 mg/dL, or hypoglycemic medication use).
15

CORONARY CALCIUM ASSESSMENT
Computed tomography of the chest was performed either with an electrocardiographic-triggered, electron-beam computed tomography scanner (Imatron C-150; Imatron Inc, South San Francisco, California) 16 (at field centers in Chicago, Illinois; Los Angeles, California; and New York, New York) or with prospectively electrocardiographic-triggered scan acquisition at 50% of the RR interval with a multidetector computed tomography system 17 that acquired 4 simultaneous 2.5-mm slices for each cardiac cycle in a sequential or axial scan mode. Each participant was scanned twice over phantoms of known calcium concentration. Scans were read centrally at the Harbor-UCLA Research and Education Institute, Los Angeles. The average (phantom-adjusted) Agatston score was used in all analyses. 18 The presence of calcification was defined as an average Agatston score of greater than 0.
CAROTID ARTERY IMT
The IMT of the internal carotid artery (ICA) and the common carotid artery (CCA) was assessed using B-mode ultrasound. The maximum IMT was measured and averaged at 12 bilateral locations for the ICAs and at 4 locations for the CCAs. In the analyses, the maximum IMT was dichotomized at the sexspecific 80th percentile of MESA participants who did not have hypertension, diabetes, or impaired fasting glucose levels and who had a BMI of less than 25; for the IMT of the ICA, the cutpoints were 0.96 mm for women and 1.14 mm for men, while for the IMT of the CCA, the cutpoints were 0.88 mm for women and 0.92 mm for men.
LV MASS
Magnetic resonance imaging was performed at the 6 MESA field centers with 1.5-T magnets. The protocol and analysis methods have been described elsewhere. 19 Briefly, short-axis cine images were acquired from the end diastolic image of the 4-chamber acquisition by prescribing 10 to 12 slices perpendicular to a line from the middle of the mitral valve plane to the cardiac apex. Cine images of the heart were obtained with a temporal resolution of approximately 50 milliseconds or less. The LV mass was determined by the sum of the myocardial area (the difference between endocardial and epicardial borders of the left ventricle) times the slice thickness plus the image gap in the end diastolic phase multiplied by the specific gravity of the myocardium (1.05 g/mL). The LV measures are often indexed by height or body size surface. In MESA, we derived LV mass indices by regressing the log-transformed LV mass on sex and body size variables in the healthy reference sample (a BMI Ͻ25 and free of hypertension, diabetes, or impaired fasting glucose levels). The LV mass indices were then given as the ratio of observed LV mass to the predicted value from the regression model. In the present analyses, which assessed body size associations, the sex-and heightadjusted LV mass index was dichotomized at the 80th percentile of the healthy reference sample.
DATA ANALYSIS
In each sex and racial or ethnic group, CVD risk factors were compared across 3-level BMI groups (Ͻ25.0, 25.0-29.9, and Ն30.0). Linear regression models were used to assess differences in means. Relative risk (RR) regression models were used to compare proportions for binary outcome variables, and the RR regression coefficients were directly interpreted in terms of prevalence ratios (or risk ratios). In the RR regression, models with subclinical disease markers (CAC, IMT Ͼ80th percentile, and LV mass Ͼ80th percentile) were adjusted for age, sex, race, and traditional CVD risk factors (systolic blood pressure, hypertension, LDL, high-density lipoprotein [HDL], triglycerides, diabetes, and cigarette smoking), and tested for raceethnicity interactions. Statistical significance was defined as PϽ.05.
Commercially available statistical software packages (SPSS Version 13.0; SPSS Inc, Chicago, Illinois; and Intercooled Stata Version 9.2; Stata Corp, College Station, Texas) were used for analyses. The RR regression model was fitted with a generalized linear model in Stata. Table 1 presents mean BMI, weight, and waist circumference by race, sex, and age groups. While age and sex differences were observed, the most striking differences were seen across racial/ethnic groups. Chinese American men and women had a lower mean BMI and waist circumference in all age and sex categories (approximately 13% and 10% lower than the next lowest group). White women had a lower BMI and waist circumference than African American or Hispanic women. The prevalence of being obese and overweight by age category are presented in the Figure. A prevalence of 75% or more of being overweight was observed in African American participants, Hispanic participants, and white men, with a more than 60% prevalence observed in white women. In contrast, only one-third of Chinese American participants were classified as overweight. Overall, more than 50% of African American women, 40% of Hispanic women, 30% of African American and Hispanic men, and nearly 30% of white men and women were classified as obese. In contrast, only 5% of Chinese American participants were classified as obese. The pattern of being obese and overweight was similar in middle-aged and older adults.
RESULTS
A higher BMI was associated with more adverse levels of blood pressure, lipoproteins, and fasting glucose despite a higher prevalence of pharmacologic treatment ( Table 2) . Systolic blood pressure levels were significantly higher in the obese than in the normal BMI group in all racial/ethnic and sex groups (6-20 mm Hg higher, age adjusted), HDL cholesterol levels were significantly lower in all racial/ethnic and sex groups (4-14 mg/dL lower, age adjusted [to convert cholesterol to millimoles per liter, multiply by 0.0259]), fasting glucose levels were significantly higher in white, African American, and Hispanic (8-17 mg/dL higher, age adjusted), while triglyceride levels (18-55 mg/dL higher, age adjusted [to convert triglycerides to millimoles per liter, multiply by 0.0113]) and LDL particle size (109-173 nmol/L higher, age adjusted) were significantly greater in all racial/ ethic and sex groups. No consistent differences across body size groups were observed for LDL cholesterol. Compared with the normal body size groups, the overweight (age-adjusted RR, 1.2-to 1.8-fold higher) and obese (ageadjusted RR, 1.5-to 2.3-fold higher) groups had much higher levels of antihypertensive medication use. The use of oral hypoglycemic medication or insulin was also greater in the overweight and obese groups (ageadjusted RR, 2.1-to 9.6-fold higher and 1.2-to 2.8-fold higher, respectively). Less consistent associations between lipid-lowering medication use and body size were observed. For 6459 MESA participants (95%) who were younger than 80 years, the 10-year Framingham coronary heart disease risks were also compared across body size group (Table 2) . Greater body size was associated with a significantly higher Framingham coronary heart disease risk in all racial/ethnic and sex groups (except African American and Hispanic women).
The prevalence and the age-adjusted prevalence ratios of hypertension and diabetes are presented across body size groups in Table 3 . Overweight status and obesity were strongly associated with a higher prevalence of hypertension. Compared with the normal body size group, the prevalence ratios of hypertension ranged from 1.05 to 1.37 in the overweight group and 1.29 to 2.31 in the obese group. The prevalence of glucose intolerance (impaired glucose tolerance or diabetes) was higher in the overweight and obese groups in all racial/ethnic and sex groups (except Chinese American women). The glucose intolerance prevalence ratios ranged from a 1.4-to 3.1-fold increase in the obese group compared with the normal body size group and were significantly greater in all groups except Chinese American women. Table 4 presents levels of subclinical CVD markers across body size groups adjusted for race, sex, age, and risk factors. Increased body size was significantly (PϽ.001) associated with a 1.2-fold greater prevalence of CAC in the obese group compared with the normal body size group. The association with CAC persisted after traditional CVD risk factor adjustment, with no raceethnicity interaction observed. Using a CAC score cutpoint of 100, the association was even stronger. Increased body size was significantly associated with a maximum IMT (Ͼ80th percentile). After adjustment for race, sex, and age, there was a 32% greater risk of ICA IMT and a 45% greater risk of CCA IMT exceeding the 80th percentile in the obese group compared with the normal body size group. After further adjustment for traditional CVD risk factors, the association with CCA IMT persisted, but the association with ICA IMT became marginally significant (P = .07). No race-ethnicity interaction was observed. A more than 2-fold greater risk of LV mass exceeding the 80th percentile was observed in the obese group compared with the normal body size group, and this association persisted after traditional CVD risk factor adjustment. For LV mass, we found an interaction between race-ethnicity and body size groups, with a significant association between body size and LV mass observed in all racial/ethnic groups, although with an even stronger association observed in Chinese American participants.
COMMENT
Findings from this multiethnic cohort of middle-aged and older adults are reflective of the CVD impact of the ongoing obesity epidemic in the United States. These data document the increased burden of CVD risk factors, an exceptionally high prevalence of CVD medication use, and a higher prevalence of subclinical vascular disease (adjusted for traditional CVD risk factors) in participants classified as overweight or obese.
The prevalence of overweight status generally was greater than 60% (with many groups Ͼ80%), and the prevalence of obesity generally was greater than 30% (with many groups Ͼ50%) in MESA age, racial/ethnicity, and sex groups. Chinese American participants were an exception, with much lower rates of obesity. The high prevalence of obesity occurred even though the selection criteria for MESA (free of clinical CVD and exclusion of the morbidly obese owing to weight limits in the imaging components) would be expected to bias our cohort toward being less obese than their community counterparts. The prevalence of being overweight and obese observed in MESA participants is similar to or even slightly higher than the levels observed in recent national samples. [1] [2] [3] There is a paucity of national data available for comparison with our results in Chinese Americans. However, international comparisons have documented similarly lower rates of overweight and obesity in China compared with the United States 20 as were observed in MESA Chinese American participants.
We observed a strong relationship between obesity and traditional CVD risk factors. The relationship between risk factors for CVD and obesity was similar in all racial/ ethnic and sex groups. An interesting finding was that despite fewer Chinese American participants being classified as overweight or obese, a similar relationship between greater body size and CVD consequences was observed in Chinese Americans as in other groups.
A higher prevalence of hypertension, a higher prevalence of diabetes, and lower levels of HDL cholesterol were observed in participants classified as obese when compared with those in the normal body size group, confirming previously documented associations between increased body size and hypertension, dyslipidemia, and diabetes. 4, 5 These differences occurred despite the large number of obese participants who reported current pharmacologic treatment for hypertension, dyslipidemia, or diabetes. It should be noted that the large number of individuals receiving pharmacologic treatment for CVD risk factors likely represents appropriate medical care. While obesity was associated with subclinical CVD after adjustment for traditional CVD risk factors, it should be noted that aggressive treatment of risk factors would be expected to blunt the impact of obesity on future CVD events. That said, our data point to potentially large societal costs associated with the obesity epidemic, with a high proportion of US adults requiring lifelong treatment for chronic disease risk factors. The fiscal importance of a continued obesity epidemic is great, with the direct economic costs of obesity estimated to exceed $90 billion annually in US health care costs, including increased Medicare health care costs among retirees. 21, 22 We observed a higher prevalence of CAC, a greater carotid artery IMT, and a greater LV mass in the obese group compared with the normal body size group. Importantly, these relationships between body size and subclinical CVD markers persisted even after adjustment for traditional CVD risk factors. To our knowledge, previous studies have not consistently observed a relationship between body size and IMT. Obesity has been shown to be associated with CAC 7 and LV mass 6, 9 but less consistently with carotid artery IMT. 8, [23] [24] [25] The higher prevalence of CAC, thickening of the walls of the carotid artery, and greater LV mass with greater body size represents a probable precursor to increased future CVD events. Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CHD, coronary heart disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LDL-P, LDL particle count.
SI conversion factors: To convert glucose, LDL and HDL, and trigylcerides to millimoles per liter, multiply by 0.0555, 0.0259, and 0.0113, respectively.
The observed association between obesity and CVD risk is likely mediated through a variety of different pathways. Obesity has been shown to adversely affect blood pressure, dyslipidemia, and glycemic state, which in turn likely have an impact on atherosclerosis progression and LV mass over an extended period (ie, a lifetime). Obe- sity may also mediate its effects through inflammatory mechanisms such as the increased production of adipokines, cytokines, and inflammatory markers by adipocytes through increases in insulin resistance and the alteration of endothelial function. 26, 27 Strategies to further ameliorate the obesity epidemic need to consider these important pathways.
There are limitations to our study: MESA selected participants who were free of clinical CVD and excluded those who were morbidly obese (owing to imaging component weight restrictions). Given that our sample would be expected to represent a somewhat lower risk group when compared with the entire community, this selection strategy likely underestimates the true burden of obesity and CVD in the population. We used standard BMI nationally recognized cutpoints to define obesity 28 that may be less valid across the heterogeneous racial/ ethnic, sex, and age groups in MESA. The data presented herein are cross-sectional and cannot incorporate the known time lag between the development of CVD risk factors and their impact on subclinical atherosclerosis. The continued association between obesity and subclinical CVD after CVD risk factor adjustment may be misleading because adjusting for current levels does not fully consider past or lifelong history of a more adverse CVD risk factor profile.
In summary, these data from MESA document the widespread epidemic of overweight and obesity across racial/ethnic, sex, and age groups. Findings from our Chinese American participants suggest that high rates of population obesity should not be viewed as being inevitable. An important component of our analyses was the association of obesity with subclinical CVD that persisted after adjustment for traditional CVD risk factors. Previous studies have shown that increased prevalence of traditional CVD risk factors (hypertension, diabetes, and dyslipidemia) and a greater burden of subclinical vascular disease are strong predictors of CVD risk. 29 Prospective data from MESA will allow us to assess the effects of body size on CVD morbidity and mortality and to document the mediating effects of obesity-related risk factors. Our findings support the imperative to redouble our efforts to assist in increasing healthy behaviors and to remove environmental barriers to maintaining a healthy weight.
